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mmm 

|g 1 fl)Nf Y^JUMO S h7>vX$ i:H 1 (DPfV^JUMO S h7>v 

mzttLx&am-e&y , ift5Bf5 2fc£i;tM<BN^**^i!Mos h^>vx 

I-¥*t t£ <P 't>& t fc & jttl £8i5t L * OM ic *t L r & & c t £ 

[Iff** 2] 

BfFaBm3CDN^-V^^MOS h 7 >vX*<7>>T- H=fflL^to*l4» 1 O^iSS 

gv'J^IBHIf <fc, miffiSfn ©Nft^SMOS h^>vX^(DV- htUtr 
IBm 1 ©Pft*;HMOS hv>vX£(D^- h £1=^^*1-53120) 
vV=i>IE*IJf <t*<¥fTf=IBB£*U liJlBfl 4tf>N^ J r*JH!!MOS h^>vX 
$©7 ; -hl:lUbti5l3(D#Sf B v l Ja >IB3£B £ . ffJSBfg 2 <D N ^ * 
SMOS h7>vX^fl)y- h<tmIiam2(7)P^A'^;UMMOS h7^V^(0 
y- hirffl^t,^-Sll4a)^^v l J=i>iE^<!:A<¥tTl=iB«5F^, m 1 fccfc 

Lxmmztixi^z tzmmt+Mmmi tm<D*mmmm 

So 

[!S*JS3] 
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mrs2*3jia>ft«E«jii?»«**i/iWi <oe^ hm<mt&n3mo>&mm® 

WMt&. miB»3jfO)ftKE«Jl-e»***lfc*2<DN^V*;UfiMOS 
>5?X^©V-XI=««$*lfc»J*«tl=»**lTt^»*5i4|Bft<»*#tt:E 

[IS** 6] 

Bfttesn » *2©e«y hii. mean * i2(DPf^^/HMos h^>v 

xa»<DV-xi=fiN***ifc«*«tA<»2Ji©*JlE«ll-e»BE**i» 7- KM 

* <t> v-xi=»« **ifc**«3&«, n 3iJ5<kUi 2 na>ftae«J|-e»j£$4i 

[If** 7] 

K«t¥m=iti»»i=EK$tir^*cfc*i#«tt-r*ii**i soL60>?*> 

[fS*«8] 

% 1 ONf-Vt-JUMOS h7^i?X^t|g1 (DPft^JUMOS h^>V 
X* <t ^W-T^il 1 <7>-f >/<— * <t . 
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1MB* 2 SraffiaSB^ICV-XjWfctJteft. %2.0)\£v MUcKlx* 

»SE*ti, KKia>P^xjHB*(3»fiE**i*ffi»ll(i. ±K* 1 fccfci;* 2<D 
, fIIBm2fcJ;t>'S4<DN^-v^;u^MOS h ^ $ lilg 2 <D p ^x;uliigfc 

S*S«:ggl*NOx;u^JgE. KN^x^u««G)iS«lcE«**ifc*i &0f*2 
(DP^x^HE^^L. 

±EN^x;HB«, »1 aut»2«)P'5x;Heigtic-?-*i-f*i»J«**ifcffi»Jia) 
^ffiflSttli, (i) ±EN^x;n«jgL miStX^2 0)P^x;u^<Z)^jSa) 

at;**fiii=fiia**-r**-o>R^»3b^ft*»«» tL<i*, (2) ±en 
[1***1 o] 

±EN^x;i/1i*fc«fci;P'!?x;u«*|=»***ifcttiiJia>3FjB»«i4, ±E 

n ^x;hh«u s 1 six* 2 <t> p ^x;u«*fl>at» «©Bi;**iaii=fiizi*wr 

[IS** 1 1 ] 

± ta p ^ x ^ufiigc * fc I* p ^ x j\,&mz m & £ m~ mm o> ¥ ® m mt , ±t a 
n^xmml »i ai;»2«>p^x;ufai*©j8tiiiiia)iii;**fiii=ftiaswt 

P ^x^««(oaHMifl>Bt;**Rllz*ia*^ L±E* 1 0>ft cF k.¥kti.Z>% 2 <D 
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JKfi£$tlf:|g2(7)N^^^.;USMOS h7^vXf <bS2fl)Pf V^HMOS 

±15^20)^^ <y?M*. ±IBm20)P^x;^miC^J5)c$n^m40)N^ J p^;U 
SMOS h7>vX^-Cff^)^!t$tLfcC<!:^^#®<!:-r^lf*]S9'tCt^L 1 1 <D r> *> 

[M*4I 1 3 ] 

±fBN<7X>MfigL f1 Ri;m2(DP^X>Ufi^(D^^(7)Mt;-l)^lSllzMff 

*#^<t-r^lR*JS9^l>U 1 2(Do*,(D^-r^lcfB«(Diti©^«o 
[M*]gi 4] 

(75a £ hfcJ:i;N*t7x;u^l|6(D*«^(D=J>^^ h <*>'>& < £ fc— 3jt><E« 

in*m 15] 

«t«B*(B«*l=(i. fft£*ft£S^£IBt££HiifB?-Ki£lc¥fHziBgU tit 

1 4 l=IBIKa>¥*{*|Btt£B. 
[M#IS1 6] 

VilzWiW. Ltct'E >) 7 ls4 

be / ^ 'J 7 u-r ©ib i=d?* < t i>-^xD<t>fflm®& m u 

±IB n x;^JS t P x ;H§|igeic *H?tir>rfL £ tifctttWB 0>¥ffiff*#li. 
(1) ±SBE*£^i-<t¥fffcftj2£^£ft;Sff^^tfL (2) ±fBE 



319900104 



-ttB^m^nei-fc^Tii. ±Eitii*»icSitft*iRii=*JS < <t£-«^(7>m 

JfcJ* $ tifctt»» <k <7)«m B<)Jffi4£ ff 5 EM*t»J* * tit I Z <t £1«flt t -T 6 

[S8E0>fflMiftlfcUH] 

[000 1] 
[£W0>JS-f-£l£fi5#i?] 

*^BJli. ##<**«|s]^aicg|^'y. ifflcSRAM (static random acce 
ss memory) -tr.JKT) 7^ hfctfctXz<7)-tr;u$ fflL^T^SfiELtr > 'J lcM"#"-2> 

[0 0 0 2] 
[&*(&&«] 

■easy, ft&o'AmoisJTO \~t Lxnmw-i 0—1 7 8 1 1 otftt&jin* 

•So 

[0 0 0 3] 

&3fe(7)S R AM-tJU0U'f 7^ h^li. SRAMtJ^ittM $ *><ff£ 

it * titz p ^ x JUNIUS 2 o (=»a £ Hxx n ^ x ;HSitco^#jiciSB Jti, 71 

[0 O 0 4] 

mmw*. l d t -r -5ns] 

>-+a*<»ftjaTI=<c* t8tti:fflA<ofc «fc 5 ft*ftft/<*->-cli u-r 7^ t- 

ic^nic/\°^-i/^^j$-e#^ < ft y , > ^ y -b^Koawtt^ai-rwH t ft s. 

[0 0 0 5] 

X' & -5 <!: t * o Polgf A<#> -o tz „ 
[0 0 0 6] 

[^s^^j*-rsfcft(D^is] 
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i v^-^aaat^-icAAtt^tftettstu SuiBmi cd^ >a~ ?cdatd 
^i- & staffs 2 cd^ is/t-?t. ffitzm i cd-< >A-*cDtb73 

- h#fg^£ftfcS3<DN^*JUSMOS h^>vX^<!:, 2 OT-f >A 

-$CDai*3ifi^-lzv-XA<^$*u «2(Dt*'> hHltc KU-f>j&<«ll2F*u 7 

«5iami fcJ;o:|l3iDN^^^;uSMOS h7>v^^l*1 1 cDP^x;MSifg|c 

/HMOS cDn^x^&tcD&sic** lt, ¥ 

©PfV^/HMOS h7>vX^A<M^i1 CD n^X^IJUc iconic 
[0 0 0 7] 

£1 fc<fctf25 2CDP^-V*;Ul!MOS h?:/2?X4*tKf££*l«ft 
lCOn^x^JgJtO^fc^Lr. ¥frT*&y. fro, -fCDJ*#l::¥fr 

4CDN^*VUSMOS h7>vX^I*IS2<7)P^x;u^lU|zff$)5£*^, -&CD& 

(DPfA'^JUMOS h7>vX^A<^R£^ti^mi CD n ^X^^HgtCDJt^lC 
*tLT, Wtffcy, fro. *(DatJH-¥fT«:+i0«t«:***Sa3eLfcli* 
. ■tfl>tf»C>«l=»LT«»«;T?fc«Ci:fcLTt«fel^ ZCDt#, «»»£fro 
a^l=*»»ifft< it. 0>l^li*tp'D^cD2E«T?ffiliJi0S«A^i:S 

[0 0 0 8] 

HUfHlg3CDN^A'^;USMOS K^l/vX^CD^- Mcffll^*!.** 1 
CD^jjS^v'J^IE^Jf <t. MIBm 1 CDN^-V^;USMOS h 7 > CD^*- 
hirftjfemi COPf A-^HMOS h =j > yX? CD^*— h t icfflH&ftSSR 2 CD 
^Hv'J 3>B«JIi*<¥fTl=EB**L, flflfHm4CDN^^^JUSMOS h7 
>vX^CDV- HcflRNb;tx6m3CD^,f a vy a>IEIiJl<!:. MlB^s 2 CD N 
tWSMOS h^>vX^CD'7 I — htfljfB^acDP^-V^^MOS h^>v 
X^»CD>f-hlcffl^P,+i^»4CD^SSgSv'J=i>E^gJ:A<¥ff|-iBg$*t, SI 

i as j: i;* 3 ©ansa ♦> y ^ >iBi£jf i*. 7-Ri£«j£-f sm2jicD#issB*£ 
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[0 0 0 9] 
[0 0 1 o] 

buIEJb 1 . S2©t*7 h*£<b. HUfBH 1 . f 2©Pf t*;HMOS 
[0 0 1 1 ] 

M12IS3ll(7)#Mffi^)l-eff^J5)c$tlfcll 1 CDt: -y hiNgtffltIfBlFi3lI<D&Jl 
E*»T?»JiE;**ifc«3K«£» 1ME*3Jla&HEttjBT?JBJ$$*tfe*i CDN?- 

<h „ flfrfBH 3 JgCD#JlIB*IJf M 20Nf A- *;U^M O S 
[0 0 1 2] 

fe^iMi. Hfitem i , m2cDe>> h^<t, tfjtBmi. ^20PfA'*;nMos 

•7— Kf£A<f£3jf CD#KJf -J?ff2J&£*U flljIB^ 1 . l2(DNf t^SMOS h 

7>vx^(Dv-xictt^^nfc^«j^A<. m 3ji fc<fcu;m2 sa&ms&s-e 

[0 0 1 3] 

s P^xjmigEcDa^ CD=i>*^ hfc<£t>*NOx;i,f;ljgecD««'MDa h 
A <r 7— K*£<!:¥fT!cH*iff]lciES£ftTl^.g>o lil±T?li n ^x/HSfcCDfiBflll:: 2 

•o <d p o x ;ngige £ibs l fc^i] r* & £ p ^ x ;u?im<D mm i:2oa) n oi^ 
MUE * iBS-T £> c 1 1 -e # & „ 

[0 0 14] 

CD N ^ x JU«J* <h P ^ x )VW$. t h> U -S y ^ 1 J 4z ;U £ 7 U -f # I r IBS L tz * =E 
'JT IW &&WLffix. % ■^CD> ; EU7H'<DWIC'>^< tt-OCD^ffflSHflc^L 
. N->x;u«*£ P^3L)\,%.t&t<T>m.m*'PU< £fc-Ofl>lI|*tt#£:ff U N 

^3D\,&m± p ^ *)Lmmz*fr?fttim£*ttz&®Lmo)¥mmit. 

(1) El£^#<t Wfcftffl^-r-SS^CDJ&ttL (2) j£^SP^«t 
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fey. fcaiM*. 

(1) mmUfttWfrU3:mZm? : b3:J5MC>Bft. (2) 
[0 0 1 5] 

H. lll»»»lcSlt&^fill='7-KI»A<iB«*tt*. »*L<li. 4>Mf8i*l=£ 
l»TI*. K*»»I=SB'S:*IpII=*&< tt-««©E<»A<E«$*i, fro. « 

ff9@E^ (0iJ;ll£=J>$>7 h) A«»J***i.Tl*«. -OEISt LTIrtSBHL 
ftl&BflU ■€-©tefl)*fi<DE«*<%?L'&3lt*. 
[0 0 16] 

[0 0 1 7] 

[0 0 1 8] 

<itJS0iJ 1 > 

01 fc<fcU*®2IC*3£BJi<DS R AM-feJKDU-f hMC^St„ 0114. 

-7 hfr^tirfcy. 02ICI4, mi na>#iSE«jf. t*77t-;n. i2§ 
. 0 i fc<fctf0 2T<$ffl£;h6fE#<7)l&f8-e&& o 

[0 0 19] 

P^X^UfgigEPWI lCff2J$£;ft-i>N^-V*,/U3>MOS h7>vX$TN 1 iNO 
I^«NW1 IC^fig^tv-SP^-V^^SMOS h^^X'S' T P 1 iCcfcoT-f 

$ I N vl tfffii$£tiZ> 0 N^x;ufiigEPWi izmmZti&NT* 

*/HMOS h7>vX5T N 2<b: NOliHIMNWI (Cff$fi££ ft-i> P^f 
iMOS h7>vX$TP2|:J:ot-f>A-$ I N V 2 tfmf$.£tlZ> 0 
[0 0 2 0] 

I NV 1(Dfctl71l4. □ hSC 1 iCfcoT'f ^ I NV2© 
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[0 0 2 1 ] 

N^-V^USMOS h"?>i>*$ TN3li> KU-T ^WWldv hffB L 1 dff 
mZtl. V-XHIM. Nf A-^J^MOS K7>vXiUN KDKU'f^l^ 

Sh7>v7.$TN4lt KU-f >«^A<t*-> K^B L 2 lcfgf££*u V-Xt 
*1A<. N fV^SMOS h7>vX^ T N 2<D Kl/'f ^ICfffiit^tU htt 

[0 0 2 2] 

N fA'^l/SMOS h7>vX5 T N 1 fc<tl/Nf V^HMOS h^vX? T 
N3I3\ IfctfcjlLN 1 ±lZ^m^i%. Nf-V^HMOS h7>vX$TN 2 
J:^Hft^;HMOS h7>vX^TN4lt «iLN2±|:M$Wo 
Pft^HMOS h7>yX5 T P 1 I*. ffiifcJlL P 1 ±ICff^J$^+L. P^-V 
^HMOS h^>vX* TP 2 I*. te&lf LP 2±|Cff2j££;fx-5o 
[0 0 2 3] 

ffitWf (LN 1 , LN 2, LP 1 , LP2) I*. ft # IJ ft < E&T? A. «f 

'J-trA^TU'f ±K3£'<f-ii£. ffitfcJll*. t'-yhi (BL 1 , BL2) izW-'ft 
[0 0 2 4] 

N ft*;HMOS h7^'/X$ N 3(Df— hmtil-fflL^+t-S^illv 
■J:3>KI£lf FG3fc<£t;. Nft^HMOS h^>vX^ TN40f - hS 
«l=:ffll*€>*l* U =I>K^® FG 4 I*, try (BL1. BL2) t 

git;Sfilcm2(7)&MBei&jf ^m^T^fig^tl&O- K^WLIC^^tLTL^-S 
„ Nf + ^iMOS h7>vX£ TN 1 fccfct/P^-fr^USMOS h7>vX$ 
TP 1 (0^- htt^l-ffll^^-S^^Sv'J 3>Kf£llFG 1 % NfV*;HM 
OS h7>v?XS T N 2fcJ:U;Pf^^l/SMOS h7>V^5 T P 2.0)?— h 

««l=ffll*S>*i*£ea*> 'J =1 >iE$£Jf F G 2 fc £tf»M»> U =i >EHH ( F 
G3. FG4) li. 7- K*iTOI=EB**LT^«. 
[0 0 2 5] 

N^V^SMOS h7>^$TN 1(7)V-X«SI*. % 3 Jf <7)fTJSiliB8l^'C 
M£;h.7•clii^!l®<•mv s s 1(zffi^£*u Nft^SMOS h7>vX$T 
N 2(7)V — XlffilJ. m3)l(75^)SiE^Ji-eff^$tlfclttteSCi^V s s 2 izff 
*je£*1,&o PftUlMOSh7>yX^i (TP 1, TP 2) 0>V— X 

Wffi. ^3gO>#JliE^B'eff^^^/r*3S*<4^v c c 1 lcf£& £ tiX v -5 

o 

[0 0 2 6] 
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try hiBL 1 1* % nmn&v c c 1 tmnt>n&v s s 1 i~&£;K-cfcy, 

hSSB l 2ltnMnitv c c 1 <kf£item<£v s s 2[rtt^HTl^-i>„ zwtfitli 

[0 0 2 7] 

p>£? h*-;KDx<>^B#l::+M Kx<«— 9— £N"loT n -flLtiru > 

ffitfeBTP2t^iis a e B v'jzi>iE^^FG 1 0>r B iP«£-tM kx*— y— 

y t £ < r * c * ic ^ y , amn ic n - mm £ ti-r y — 7 «se £i« c z t t<v 

[0 0 2 8] 

<0Ute0l|2> 

11 4 cisiisfctfij 1 ^ y-b;uMc£:Pu-rtticK$iJLfc«£<D0q£^-r o si^co 

[0 0 2 9] 

* s E t )-tz)l'MCltMz.\£* 2 5 6P — x 1 2 S^Aft^ft&o HJ5fc#| 1 <D> 

^y-fe;ui. t'-v h^TafSitD^^AMSL^ctt. 2 5 6 p— cd> ^Ey-tryu^afe^r 
-b;UMCl*. y$iMcS}LT&>Pt*fcl::iEB;**u ±TO^ ^y-trvuvicii. xli: 

=E>)-\ZJ^3 2 □— &-|>lMi. 6 4 □— &|ClEg£*l<5o 
[0 0 3 0] 

P^X^JU (PW1 > PW2) f=«ffi£«|6T*B*Vb nfeJcl/N^XjUfc 

ttfv£& 0 sfc. K^vbpi*. tinttiV c c tmmLxti^^L, v cc 

[003 1] 

v-F&tw-fuzmmzti* tfifemte (v ss -u v SS 2) £M3i-f <sf-tf>0> 

[0 0 3 2] 

tetfeSfij* (Vssl. Vss2) j&< % r 7— K*£WD<hStt73|S] ICIEST 
ti§(7)T% 1 OCT)?- KI££S#!Lfci§£l^ Ztf) 1 ?- Kttl=»ofc«-.* ; Ey-fe 
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[0 0 3 3] 

^h-C£-5> 0 £fc. -7 - K K^-T HlelSSw d d r vlift3fcl::it'<T<s¥&U'f T 
[0 0 3 4] 

<mmm 3 > 

HI 5 fccfct£IU 6 l~^J£0ll 3(DS R AM-fe/KDU'f7'!7 KMC 2 ^jF"T 0 E] 5 *5 

h^j i <d>^ v-bjisMcttt^T. mmmi -cit. fcmm (lnl lnd 

CflJWH^ffittT-fc&CDIcMU H)5fc0>l 3 (D&tfcjf (LN 3, LN4) tf^fim 
=l>£-C?h (SCI, SC2) fr\ zi>£<7|- (SC3, SC4 
) t%l M<DlkMM1&.M (M1 1. M12) -CE£&^;h,Tl^£>jii£|&lNTI^ 

[0 0 3 5] 

£ ( T N 1 , TN2) COy— hiplli, Nf + ^lSMOSh7>vX$ (TN3 
„ TN4) (75V- h«l«g<7) 1 . 5fglClS:f+£;h,£ 0 LfrU CCD«^li. SlJfctfij 1 
T7*LfcJ:-5lc. ffilfejf <7>ff2A<5B^1£#lc&y s — >MiE (OPC) UizO) 
&ffiti<&mttji&„ titz. Z0)tz6b\Z. h^vX* t' o L©/\*7>XtI< 
So ^*UC*fLT, HJS0!l3r'l*. (LN3, LN4) &9:?iW£<»-Q . 

*PXA<#aT\ -(Diem K^>vX'Sia)/\*^>XtS<-r'i)^<tA<-C^S 

o f=f£U f— MI(Difcj&<1 . OfglC&oTL* Nft^HMOSh 
7>vX^ (TNI, TN2) lChb-<T. Nf V^Jl'SMOS h?^vX5 (T 
N3, TN4) 0)lHb|gJ¥£J!<-r-i>>K y— hft£ *< -T&Av L#lMI£ia 

[0 0 3 6] 

3 7:1*. USS^I 1 TM £ I N V 1 (DiHttt^ £ I N V 

20)Xti^^LX^tzZj^^-y hSC 1 (Dftfr y |C V n>£<? hSC3«t^1 

htf&gfc: < fty. 'i*>—>miE (OPC) ^7b<&gfc< &-5„ 
[0 0 3 7] 
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<nmm 4 > 

itm8v&m£t\z>^(Dmw$m3\z7jiLtzo mmmtot^o-tuvMc 3 it 

nmmSCD** 'J-fc/UMC 2 ttt^T. £$SSvM=l>IE*gJl (FG5, FG6 
. FG7, FG8) (D»$A<*^ff^^fe^^*<M^-S„ d (7)-fe;UT?l3:. tfrtlffl^y 
— >*|IE (OCP) a<!&g&<. h7>vX* LCO/\'7>XA< 

[0 0 3 8] 

<Hii£0iJ5> 

HQfc^tfEU O|::3IJS£0>|5 0)S RAM-fe;KDb>f7«7 hMC4^t„ El 9 

OT^ffl$tL-5ia-^a)i^BJ$|ll 1 1|r^L/ro Hlte^l5CDy ^EM-tr-IUM 

[0 0 3 9] 

e-;/h& ( b l 3 s bl4) mmn&ifa v c c 2 it. m 2 if £>#jiie*i 

If £ffll*Tff*fi££;h& 0 -7- KSWD 1 fcctmSife«fit« (V s s 5. Vss6 
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[Document's Name] SPECIFICATION 

[Title of the Invention] SEMICONDUCTOR INTEGRATED CIRCUIT 
DEVICE 
[Claims ] 
[Claim 1] 

A semiconductor memory device comprising a first 
inverter including a first N-channel metal oxide 
semiconductor (MOS) transistor and a first P-channel MOS 
transistor; a second inverter including a second N-channel 
MOS transistor and a second P-channel MOS transistor with 
an input terminal being connected to an output terminal of 
said first inverter and with an output terminal being 
connected to an input terminal of said first inverter; a 
third N-channel MOS transistor having a source connected to 
the output terminal of said first inverter and a drain 
connected to a first bit line and also a gate connected to 
a word line; and a fourth N-channel MOS transistor having 
a source connected to the output terminal of said second 
inverter and a drain connected to a second bit line plus a 
gate connected to a word line, wherein the first and third 
N-channel MOS transistors are formed in a first P-type well 
region, its diffusion layer having an outer shape consisting 
essentially of straight lines including a straight line 
portion with a maximal length extending parallel to a 
boundary relative to a first N-type well region with the 
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first and second P-channel MOS transistors formed therein 
and also being linear symmetrical with respect to a straight 
line defined as a center line extending parallel to the 
boundary, and wherein the second and fourth N-channel MOS 
transistors are formed in a second P-type well region, its 
diffusion layer having an outer shape consisting essentially 
of straight lines including a straight line portion with a 
maximal length extending parallel to the boundary relative 
to the first n-type well region with said first and second 
P-channel MOS transistors formed therein and also being 
linear symmetrical with the straight line defined as the 
center line in parallel to the boundary. 
[Claim 2] 

A semiconductor memory device according to claim 1, 
wherein a first polycrystalline silicon lead layer for use 
as the gate of said third N-channel MOS transistor and a 
second polycrystalline silicon lead layer for use as the gate 
of said first P-channel MOS transistor and also as the gate 
of said first N-channel MOS transistor are disposed in 
parallel to each other, wherein a third polycrystalline 
silicon lead layer for use as the gate of said fourth 
N-channel MOS transistor and a fourth polycrystalline 
silicon lead layer for use as the gate of said second 
N-channel MOS transistor and also as the gate of said second 
P-channel MOS transistor are disposed in parallel to each 
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other, and wherein the first and third polycrystalline 
silicon lead layers are connected via a contact to a second 
layer of metal lead layer constituting word lines. 
[Claim 3] 

A semiconductor memory device according to claim 1, 
wherein the input terminal of said first inverter and the 
output terminal of said second inverter are electrically 
connected together at a contact whereas the input terminal 
of said second inverter and the output terminal of said first 
inverter are electrically connected together at a contact. 
[Claim 4] 

A semiconductor memory device according to claim 1, 
wherein a power supply line connected to the first and second 
bit lines and the sources of said first and second P-channel 
MOS transistors and a ground line connected to the sources 
of said first and second N-channel MOS transistors are formed 
or a third layer of metal lead layer lying parallel to a 
diffusion layer. 
[Claim 5] 

A semiconductor memory device according to claim 4, 
wherein the first bit line formed of said third layer of metal 
lead layer is between a power supply line formed of said third 
layer of metal lead layer and a ground line as connected to 
the source of said first N channel MOS transistor formed of 
said third layer of metal lead layer whereas the second bit 
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line formed of said third layer of metal lead layer is between 
a power supply line formed of said third layer of metal lead 
layer and a ground line as connected to the source of said 
second N-channel MOS transistor formed of said third layer 
of metal lead layer. 
[Claim 6] 

A semiconductor memory device according to claim 1, 
wherein the first and second bit lines and a power supply 
line connected to the sources of said first and second 
P-channel MOS transistors are formed of a second layer of 
metal lead layer, wherein word lines are formed of a third 
layer of metal lead layer, and wherein a ground line 
connected to the sources of said first and second N-channel 
MOS transistors is formed of the third layer and second layer 
of metal lead layer. 
[Claim 7] 

A semiconductor memory device according to claims 1 
through 6, wherein memory cells each similar in 
configuration to said memory cell are laid out in form of 
an array, and wherein contacts to a substrate of P-type well 
region and a contact to a substrate of N-type well region 
are linearly disposed within the array and at upper and lower 
portions of the array in a direction parallel to the word 
lines . 
[Claim 8] 
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A semiconductor memory device comprising: 

a first inverter having a first N-channel MOS 
transistor and a first P-channel MOS transistor; 

a second inverter having a second N-channel MOS 
transistor and a second P-channel MOS transistor with an 
input terminal being connected to an output terminal of said 
first inverter and with an output terminal being connected 
to an input terminal of said first inverter; 

a third N-channel MOS transistor having a source 
connected to the output terminal of said first inverter, a 
drain connected to a first bit line, and a gate connected 
to a word line; and 

a fourth N-channel MOS transistor having a source 
connected to the output terminal of said second inverter, 
a drain connected to a second bit line, and a gate connected 
to a word line, 

wherein the first and third N-channel MOS transistors 
are formed in a first P-type well region, a diffusion layer 
formed in said first P-type well region has a shape as 
resulting from letting a rectangle having long sides in a 
direction parallel to a boundary relative to a first N type 
well region with the first and second P-channel MOS 
transistors formed therein be connected in the parallel 
direction, the second and fourth N-channel MOS transistors 
are formed in a second P-type well region, and a diffusion 
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layer formed in said second P-type well region has a shape 
as resulting from letting a rectangle having long sides in 
a direction parallel to the boundary relative to the first 
n-type well region with said first and second P-channel MOS 
transistors formed therein be connected in the parallel 
direction . 
[Claim 9] 

A semiconductor device comprising first and second 
inverters with an output of each inverter being as an input 
of a remaining inverter, a first switch connected to a 
connection node between an output of the first inverter and 
an input of the second inverter, and a second switch 
connected to a connection node between an input of said first 
inverter and an output of said second inverter, wherein 

said semiconductor device has an N-type well region 
and first and second P-type well regions as disposed on 
opposite sides of said N-type well region, 

a diffusion layer formed in each of said N-type well 
region and said first and second P-type well regions is 
arranged in planar shape to have one of (1) a shape consisting 
essentially of a single rectangle having long sides in an 
elongate direction of a boundary line of said N-type well 
region and said first and second P-type well regions and (2) 
a shape resulting from combination of a plurality of 
rectangles in the elongate direction of the boundary line 
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of said N-type well region and said first and second P-well 
regions, the rectangles having long sides in said elongate 
direction . 
[Claim 10] 

A semiconductor device according to claim 9, wherein 
the diffusion layer formed in said N-type well region and 
P-type regions has its planar shape resembling a single 
rectangle having long sides in the elongate direction of 
boundary lines of said N-type well region and said first and 
second P-type well regions. 
[Claim 11] 

A semiconductor device accordin9 to claim 9 or 10, 
wherein the diffusion layer formed in said N-type well region 
or P-type region has its planar shape of a combined form as 
resulting from combination of a first rectangle having long 
sides in the elbn9ate direction of boundary lines of said 
N-type well re9ion and said first and second P-type well 
regions along with a short side of a first length and a second 
rectangle having long sides in the elongate direction of the 
boundary lines of said N-type well region and said first and 
second P-type well regions along with a short side of a second 
length, the combination being in the elongate direction of 
said boundary lines. 
[Claim 12] 

A semiconductor device according to any of claims 9 



-8- 



through 11, wherein 

said first inverter is formed of a first N-channel MOS 
transistor and a first P-channel MOS transistor as formed 
using the first P-type well region and N-type well region, 

said second inverter is formed of a second N-channel 
MOS transistor and a second P-channel MOS transistor as 
formed using the second P-type well region and N-type well 
region, 

said first switch is formed of a third N-channel MOS 
transistor as formed in said first P-type well region, and 

said second switch is formed of a fourth N-channel MOS 
transistor formed in said second P-type well region. 
[Claim 13] 

A semiconductor device according to any of claims 9 
through 12, wherein the first and second inverters and the 
first and second switches constitute a static memory cell, 
wherein a plurality of memory cells each similar in structure 
to said static memory cell are provided to constitute a 
memory array, and wherein bit lines are disposed parallel 
to an elongate direction of more than one boundary line of 
said N-type well region and said first and second P-type well 
regions whereas word lines are disposed in a direction 
perpendicular to the boundary line. 
[Claim 14] 

A semiconductor memory device according to any of 
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claims 9 through 13, wherein said device further comprises 
a plurality of memory arrays each similar in structure to 
said memory array, and an intermediate region between said 
memory arrays for causing at least one of a contact to a 
substrate of P-type well region and a contact to a substrate 
of N-type well region to be disposed therein. 
[Claim 15] 

A semiconductor device according to claim 14, wherein 
an electrical lead having a specified voltage potential is 
disposed within said intermediate region in parallel to said 
word lines, and wherein said contact is for electrical 
connection between the lead and the substrate. 
[Claim 16] 

A semiconductor memory device comprising: 

a plurality of memory arrays each including an array 

of memory cells each having at least a pair of N-type well 

region and P-type well region; 

at least one intermediate region between the memory 
arrays; 

said N-type well region and P-type well region 
defining therebetween a boundary with at least one straight 
line portion; 

a diffusion layer formed in each of said P-type well 
region and P-type well region to have a planar shape of one 
of (1) a shape of rectangle having long sides extending 
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parallel to said straight line portion and (2) a shape 
resulting from letting a plurality of rectangles having long 
sides extending parallel to said straight line portion be 
combined together via respective short sides thereof; 

bit lines disposed parallel to said straight line 
portion along with word lines disposed in a direction 
perpendicular to said straight line portion; and 

said intermediate region including at least one type 
of power supply lead as disposed therein and extending in 
the direction perpendicular to said straight line portion 
and also a lead formed therein for electrical contact between 
the power supply lead and the diffusion layer as formed in 
said N-type well region or P-type well region. 

[Description of the Invention] 

[0001] 

[Field of Industrial Application] 

The present invention relates generally to 
semiconductor integrated circuit devices and, more 
particularly, to layout schemes of static random access 
memory (SRAM) cells. The invention also relates to 
semiconductor memory devices using such cells. 
[0002] 

[Prior Art] 

One-port SRAM cells with complementary metal oxide 
semiconductor (CMOS) configurations are typically designed 



-11- 



so that each cell consists essentially of six separate 
transistors. An exemplary layout of such cells has been 
disclosed in, for example, JP-A-10-178110 ( laid open on June 
30, 1998) . 
[0003] 

In the prior known SRAM cell layout, a semiconduct ive 
well region of P type conductivity with inverters formed 
therein is subdivided into two subregions, which are 
disposed on the opposite sides of an N-type well region while 
permitting a well boundary line to extend in a direction 
parallel to bit lines. 
[0004] 

[Problems to be Solved by the Invention] 
The quest for higher integration and ultra-fine 
patterning techniques in modern memory devices requires 
optical exposure apparatus or equipment to decrease in wave 
length of beams used therein. To this end, the equipment 
is designed to employ exposure beams of shorter wavelength, 
which have advanced from G line to I line, and further to 
excimer laser. Unfortunately the requirements for 
micro-patterning architectures grow more rapidly than 
technological advance in trend of shortening wavelengths in 
such equipment. In recent years, it is strictly required 
that micro-patterning is done with the minimum 
device-feature length that shrinks to less than or equal to 
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the wavelength of an exposure beam used. This minimum 
feature length shrinkage would result in the layout of IC 
components-here, memory cells-becoming more complicated in 
planar shape, which must require the use of irregular 
polygonal layout patterns including key-shaped components, 
in order to achieve the intended configuration of on-chip 
circuitry with enhanced accuracy. This makes it impossible 
or at least very difficult to microf abricate ultrafine 
layout patterns while disadvantageously serving as the cause 
of destruction of the symmetry of memory cells. 
[0005] 

Regrettably the prior art approach is associated with 
a need to curve or bend a diffusion layer into a complicated 
key-like shape for the purpose of making electrical contact 
with a substrate of the P-type well region. Thus, the prior 
art suffers from a problem as to degradation of the 
symmetrization of cell layout pattern, making difficult 
successful achievement of microf abricat ion architectures 
for higher integration densities. 
[0006] 

[Means to Solve the Problems] 
In accordance with one aspect of the present invention, 
a semiconductor device is provided which comprises a first 
inverter including a first N-channel metal oxide 
semiconductor (MOS) transistor and a first P-channel MOS 
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transistor, a second inverter including a second N-channel 
MOS transistor and a second P-channel MOS transistor with 
an input terminal being connected to an output terminal of 
the first inverter and with an output terminal being 
connected to an input terminal of the first inverter, a third 
N-channel MOS transistor having a source connected to the 
output terminal of said first inverter and a drain connected 
to a first bit line and also a gate connected to a word line, 
and a fourth N-channel MOS transistor having a source 
connected to the output terminal of said second inverter and 
a drain connected to a second bit line plus a gate connected 
to a word line, wherein the first and third N-channel MOS 
transistors are formed in a first P-type well region, wherein 
the diffusion layer has no curved or bent portions while 
letting the direction of layout be parallel to the boundary 
with respect to the first N-well region with the first and 
second P-channel MOS transistors formed therein, and wherein 
said second and fourth N-channel MOS transistors are formed 
in the second P-type well region whose diffusion layer has 
no bent portions while letting the layout direction be 
parallel to the boundary with respect to the first N-well 
region with the first and second P-channel MOS transistors 
formed therein. 
[0007] 

The diffusion layer is arranged to have its outer shape 
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that mainly consists of straight line segments including the 
longest straight line portion which lies parallel to the 
boundary with respect to the first n-well region with the 
first and second P-channel MOS transistors formed therein, 
and simultaneously in the case of defining a straight line 
acting as the center line extending parallel to such boundary, 
the longest line portion is in linear symmetry with such 
center line; the second and fourth N-channel MOS transistors 
are formed in the second P-well region whose diffusion layer 
is mainly arranged by straight line segments including its 
longest straight line portion that is parallel to the 
boundary with respect to the first n-well region with the 
first and second P-channel MOS transistors formed therein 
while allowing, when defining a straight line for use as the 
center line extending parallel to such boundary, the line 
portion to be linearly symmetrical with the center line. At 
this time, in the case of employing the linear symmetrization 
scheme, complete linear symmetry will not always be 
required; alternatively, slight nonsymmetry may also be 
permissible on a case-by-case basis, which nonsymmetry 
results from modifying the diffusion layer to have a shape 
with its portions on the right and left sides of the center 
line being substantially the same in area as each other by 
way of example. 
[0008] 
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In accordance with another aspect of this invention, 
a first polycrystalline silicon lead layer for use as the 
gate of said third N-channel MOS transistor and a second 
polycrystalline silicon lead layer for use as the gate of 
said first P-channel MOS transistor and also as the gate of 
said first N-channel MOS transistor are disposed in parallel 
to each other, wherein a third polycrystalline silicon lead 
layer for use as the gate of the fourth N-channel MOS 
transistor and a fourth polycrystalline silicon lead layer 
for use as the gate of said second N-channel MOS transistor 
and also as the gate of said second P-channel MOS transistor 
are disposed in parallel to each other, and wherein the first 
and third polycrystalline silicon lead layers are connected 
via a contact to a second layer of metal lead layer 
constituting word lines. 
[0009] 

In accordance with a further aspect of the invention, 
the input terminal of said first inverter and the output 
terminal of said second inverter may be electrically 
connected together at a contact whereas the input terminal 
of said second inverter and the output terminal of said first 
inverter are electrically connected together at a contact. 
[0010] 

In accordance with yet another further aspect of the 
invention, a power supply line connected to the first and 
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second bit lines and the sources of said first and second 
P-channel MOS transistors and a ground line connected to the 
sources of said first and second N-channel MOS transistors 
may be formed of a third layer of metal lead layer lying 
parallel to a diffusion layer. 
[0011] 

In accordance with a still another aspect of the 
invention, the first bit line formed of said third layer of 
metal lead layer may be arranged so that it is between a power 
supply line formed of said third layer of metal lead layer 
and a ground line as connected to the source of said first 
N-channel MOS transistor formed of said third layer of metal 
lead layer whereas the second bit line formed of said third 
layer of metal lead layer is between a power supply line 
formed of said third layer of metal lead layer and a ground 
line as connected to the source of said second N-channel MOS 
transistor formed of said third layer of metal lead layer. 
[0012] 

In accordance with another further aspect of the 
invention, the first and second bit lines and a power supply 
line connected to the sources of said first and second 
P-channel MOS transistors may be formed of a second layer 
of metal lead layer, wherein word lines are formed of a third 
layer of metal lead layer, and wherein a ground line 
connected to the sources of said first and second N-channel 
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MOS transistors is formed of the third layer and second layer 

of metal lead layer. 

[0013] 

In accordance with a still another further aspect of 
the invention, memory cells are laid out into the form of 
an array, wherein contacts to a substrate of P-type well 
region and a contact to a substrate of N-type well region 
are linearly disposed within the array and at upper and lower 
portions of the array in a direction parallel to the word 
lines. Although the above is an example which causes two 
separate P-well to be disposed on the opposite sides of an 
N-well region, two N-well regions may be disposed on the 
opposite sides of a p-well region when the need arises. 
[0014] 

In accordance with yet another further aspect of the 
invention, a semiconductor device is provided which 
comprises a plurality of memory arrays each including an 
array of memory cells each having at least a pair of N-type 
well region and P-type well region, and at least one 
intermediate region between the memory arrays, wherein the 
N-type well region and P-type well region defines 
therebetween a boundary with at least one straight line 
portion, and wherein a diffusion layer is formed in each of 
the P-type well region and P-type well region to have a planar 
shape of either (1) a shape of rectangle having long sides 
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extending parallel to said straight line portion or (2) a 
shape resulting from letting a plurality of rectangles 
having long sides extending parallel to the straight line 
portion be combined together via respective short sides 
thereof; or alternatively, 

(1) a shape of rectangle having long sides parallel 
to said straight line portion or (2) a shape resulting from 
letting a plurality of rectangles having long sides parallel 
to said straight line portion be combined together causing 
them to extend in the direction of the straight line. 
[0015] 

At least in memory array regions, bit lines are laid 
out in a direction parallel to the straight line portion 
whereas word lines are disposed in a direction perpendicular 
to the straight portion. Preferably, in the intermediate 
region, at least one type of electrical lead is railed in 
a direction at right angles to the straight portion, and a 
lead (e.g. contact) is also formed which is for making 
electrical contact between a power supply voltage lead and 
the diffusion layer as formed in the N-well region or P-well 
region. This lead may include a power supply lead, ground 
lead, or other potential leads. 
[0016] 

The invention is particularly useful for those 
semiconductor memory devices having static RAM memory cells 
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each consisting essentially of six separate transistors. 
[0017] 

Several preferred embodiments of the semiconductor 
memory device in accordance with the present invention will 
be explained with reference to the accompanying drawings 
below . 
[0018] 

<Embodiment 1> 

Referring to Figs. 1 and 2, there is shown an SRAM cell 
layout MC embodying the invention. Fig. 1 illustrates well 
regions and diffusion layers plus polycrystalline silicon 
interconnect lead layer as well as contacts all of which are 
formed in or over a semiconductor substrate whereas Fig. 2 
depicts a first layer of metal lead layer, via holes 1, second 
layer of metal lead layer, via holes 2, and a third layer 
of metal lead layer. Symbols used in Figs. 1 and 2 are 
explained in Fig. 3. 
[0019] 

An N-channel type MOS transistor TNI formed in a P-type 
semiconductive well region PW1 and a P-channel type MOS 
transistor TP1 formed in an N-type well region NW1 constitute 
an inverter INV1. In addition, an N-channel MOS transistor 
TN2 formed in P-type well region PW2 and a P-channel MOS 
transistor TP2 formed in N-type well region NW1 constitute 
an inverter INV2 . 
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[0020] 

An output of the inverter INV1 is electrically 
connected via a contact SCI to an input of the inverter INV2 . 
An output of the inverter INV2 is electrically connected via 
a contact SC2 to an input of the inverter INV1. 
[0021] 

An N-channel MOS transistor TN3 has a drain electrode 
connected to a bit line BL1, a source electrode connected 
to a drain of the N-channel MOS transistor TNI, and a gate 
electrode connected to a word line WD. Similarly an 
N-channel MOS transistor TN4 has a drain electrode connected 
to a bit line BL2, a source electrode connected to a drain 
of the N-channel MOS transistor TN2 , and a gate electrode 
connected to word line WD. 
[0022] 

The N-channel MOS transistor TNI and N-channel MOS 
transistor TN3 are formed over a diffusion layer LN1 whereas 
the N-channel MOS transistor TN2 and N-channel MOS 
transistor TN4 are formed over a diffusion layer LN2 . The 
P-channel MOS transistor TP1 is formed over a diffusion laver 
LP1 whereas the P-channel MOS transistor TP2 is formed over 
a diffusion layer LP2. 
[0023] 

As the diffusion layers (TNI, LN2, LP1, LP2) are 
straight lines with no curved portions, any pattern 
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correction at folded portions is no longer necessary, 
resulting in the balance between nodes being improved. In 
case memory cells are laid out into the form of an array, 
the diffusion layers become four separate straight lines 
extending parallel to the bit lines (BL1, BL2). 
[0024] 

In addition, a polycrystalline silicon interconnect 
lead layer FG3 for use as the gate electrode of the N-channel 
MOS transistor TN3 and a polycrystalline silicon lead layer 
FG4 for use as the gate electrode of N-channel MOS transistor 
TN4 are connected to word lines WL which are formed of the 
second metal lead layer in a vertical direction to the bit 
lines (BL1, BL2) . A polycrystalline silicon interconnect 
lead layer FG1 for use as the gate electrodes of the N-channel 
MOS transistor TNI and P-channel MOS transistor TP1 and a 
polycrystalline silicon interconnect lead layer FG2 for use 
as the gate electrode of the N-channel MOS transistor TN2 
and P-channel MOS transistor TP2 plus the polycrystalline 
silicon lead layers (FG3, FG4 ) are disposed in parallel to 
the word lines. 
[0025] 

The N-channel MOS transistor TNI has its source 
electrode connected to a ground potential line Vssl that is 
formed of the third layer of metal lead layer whereas a source 
electrode of the N-channel MOS transistor TN2 is connected 
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to a ground line Vss2 as formed of the third layer of metal 
lead layer. In addition, source electrodes of the P-channel 
MOS transistors (TP1, TP2) are connected to a power supply 
voltage line Vccl which is formed of the third layer of metal 
lead layer. 
[0026] 

The bit line BL1 is located midway between the power 
supply voltage line Vccl and ground line Vssl whereas bit 
line BL2 is between the supply voltage line Vccl and ground 
line Vss2. This structure makes it possible to reduce 
cross-couple noises occurring between bit lines, which 
advantageously lowers voltages while increasing operation 
speeds . 
[0027] 

In addition, it is considered that, in case a contact 
is formed on an n" layer through partial cutaway of side 
spacers during etching of contact holes, a leakage current 
from the contact via the n- layer to the substrate may be 
produced. When a contact is formed for connection between 
a polycrystalline silicon lead layer and a diffusion layer, 
a distance between the diffusion layer LP2 and 
polycrystalline silicon lead layer FG1 should be greater 
than the length of a side spacer to thereby eliminate 
formation an n- layer on the polycrystalline silicon lead 
layer FG1 side of the diffusion layer LP2, which in turn makes 
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it possible to prevent a flow of leakage current. 
[0028] 

<Embodiment 2> 

Turning to Fig. 4, there is shown an exemplary case 
where the memory cells MC of Embodiment 1 are laid out into 
the form of an array. Symbols used herein are the same as 
those indicated at lower part of Fig. 3. 
[0029] 

The memory cells MC are organized into an array of 256 
rows and 128 columns, by way of example. In view of the fact 
that these memory cells in Embodiment 1 are less in length 
in the longitudinal direction of bit lines, a total length 
of such 256 rows of memory cells along the bit lines is shorter 
than that of prior art devices, thus increasing resultant 
operation speeds. Neighboring memory cells MC are disposed 
in linear symmetry with respect to a "y" axis whereas upper 
and lower adjacent memory cells MC i linear symmetry with 
an "x" axis. In addition, specified regions ST for use in 
supplying more than one power supply voltage to the substrate 
are formed at intermediate part of the array in such a manner 
that the regions ST extend parallel to word lines WD. One 
example is that the regions ST are laid out in units of 32-row 
groups. Another example is that regions ST are disposed in 
units of 64-row groups. 
[0030] 
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An electrical lead Vbn for supplying a voltage 
potential to the P-well regions (PW1, PW2) and a lead Vbp 
for supplying a voltage to the N-well region NW1 are formed 
to lie parallel to word lines. The lead Vbn may be coupled 
to ground potential Vss or, alternatively, any voltage may 
be applied thereto which is potentially different from 
ground Vss. The lead Vbp may be coupled to the power supply 
voltage Vcc or, alternatively, any voltages potentially 
different from Vcc may be applied thereto. 
[0031] 

Note that in each region ST, a power supply voltage 
line Vcc for potentially "reinforcing" a power supply 
voltage line Vccl is formed in parallel to word lines while 
letting a ground potential line Vss for potentially 
reinforcing ground potentials (Vssl, Vss2) is formed in 
parallel to the word lines. 
[0032] 

Also note that the ground lines (Vssl, Vss2) are 
disposed in a direction perpendicular to the word lines WD 
whereby upon selecting of a single word line a voltage 
potential is supplied from the pair of ground lines to a 
respective one of those memory cells operatively associated 
with this selected word line so that any possible noises 
occurring at such voltage lines are reduced to thereby 
advantageously speed up an access operation while 
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potentially reducing any voltages concerned. 
[0033] 

Furthermore, the memory cells MC used are great in 
width in the word line direction so that the layout design 
of sense amplifiers AMP is made easier to thereby avoid a 
need to lay out one sense amplifier for two adjacent columns 
of memory cells, which in turn makes it possible to permit 
one sense amplifier to be laid out at each column. 
Additionally a word line driver circuit wddrv becomes flat 
in layout as compared to prior known ones. 
[0034] 

<Embodiment 3> 

Figs. 5 and 6 show a SRAM cell layout MC2 in accordance 
with Embodiment 3. Symbols as used in Figs. 5-6 are the same 
as those in Fig. 2. Memory cell MC2 of Embodiment 3 is 
similar to the memory cell MC of Embodiment 1, except that 
whereas in Embodiment 1 the diffusion layer (LN1 , LN2) is 
formed into a "T"-like planar shape, which resembles a 
Japanese battledore plate called " hagoita, " the diffusion 
layer (LN3, LN4) of Embodiment 4 is of a rectangular shape, 
and that the contacts (SCI, SC2) are replaced with contacts 
(SC3, SC4) in the first layer of metal lead layers (Mil, M12) . 
[0035] 

To attain stability, memory cells are typically 
designed so that the gate width of N-channel MOS transistors 
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(TN1, TN2) is 1.5 times greater than that of N-channel MOS 
transistors (TN3, TN4 ) . However, in this case, the shape 
of diffusion layers resembles a T-like planar shape as has 
been shown in Embodiment 1, which in turn requires extra 
techniques including pattern correction procedures such as 
optical proximity effect correction (OPC) processes. 
Additionally this would result in degradation of the balance 
between transistors. In contrast, Embodiment 3 is such that 
the diffusion layers (LN3, LN4) are designed to have a 
rectangular shape whereby the micro-patterning required 
becomes easier while at the same time enabling improvement 
in balance between transistors. Note however that the 
resultant gate width ratio becomes as large as 1.0 time, 
which in turn requires that the so-called cell ratio be 
increased by making different driving forces therebetween, 
which is achievable by letting the N-channel MOS transistors 
(TN3, TN4) be greater in oxide film thickness than N-channel 
MOS transistors (TNI, TN2) , or by increasing the gate length 
thereof, or alternatively by increasing the threshold value, 
or still alternatively by lowering the impurity 
concentration of lightly-doped drain regions for relaxation 
of electric fields. 
[0036] 

In addition, Embodiment 3 is arranged to employ a 
contact SC3 and a first layer of metal lead layer Mil in place 
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of the contact SCI used in Embodiment 1 for connection 
between the output of inverter INV1 and the input of inverter 
INV2. With such an arrangement, any curved or bent contacts 
are no longer necessary, thereby avoiding the need for 
pattern correction (OPC) or the like. 
[0037] 

<Embodiment 4> 

Figs. 7 and 8 show an SRAM cell layout MC3 in accordance 
with an Embodiment 4. Symbols as used in Figs. 7-8 are the 
same as those in Fig. 3. Memory cell MC3 of Embodiment 4 
is similar to the memory cell MC2 of Embodiment 3 except that 
polycrystalline silicon lead layers (FG5, FG6, FG7, FG8) are 
designed to have a rectangular planar shape . With this cell, 
any bent/folded portions are absent thus removing the need 
for any additional pattern correction procedures including 
OPC processes, which in turn improves the balance between 
transistors . 
[0038] 

<Embodiment 5> 

Figs. 9 and 10 show an SRAM cell layout MC4 in 
accordance with Embodiment 5. An explanation on those 
symbols used in Figs. 9 and 10 is given at lower part of Fig. 
11. Memory cell MC4 of Embodiment 5 is different in lead 
structure from the memory cell MC of Embodiment 1. 
[0039] 
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Bit lines (BL3, BL4) and power supply line Vcc2 are 
formed by use of a second layer of metal lead layer. A word 
line WD1 and ground lines (Vss5, Vss6) are formed using a 
third layer of metal lead layer in a perpendicular direction 
to the bit lines. Ground lines (Vss3, Vss4) are formed using 
a fourth layer of metal lead layer in a direction parallel 
to the bit lines. 
[0040] 

A global bit line GB is the electrical interconnect 
lead that is used in case bit lines are of hierarchical 
configuration. The global bit line GB and bit lines (BL3, 
BL4 ) are shielded by the third layer of metal lead layer, 
thus enabling prevention of any possible cross-couple noises 
Additionally the use of ground lines (Vss3, Vss4) makes it 
possible to prevent occurrence of cross-couple noises 
between global bit lines GB . 
[0041] 

<Embodiment 6> 

Figs. 12 and 13 show an SRAM cell layout MC5 in 
accordance with an Embodiment 6. An explanation as to those 
symbols used in Figs. 12-13 is given in Fig. 14 . Memory cell 
MC5 of Embodiment 6 is different from the memory cell MC of 
Embodiment 1 in structure of the so-called three-layered 
contacts, each of which is for connection between a gate 
electrode and its associated diffusion layer. 
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[0042] 

Although in Embodiment 1 a gate electrode is connected 
to a diffusion layer via "L"-like contacts SCI, SC2, 
Embodiment 6 is arranged so that the gate electrode is 
connected to the diffusion layer via silicide in connect 
regions SSI, SS2 . This makes it unnecessary to bend or curve 
the individual contact into the L-like shape in order to 
connect the gate electrode to the diffusion layer, which in 
turn makes it possible to provide "I"-like rectangular 
contacts SC5, SC6. No folded/bent portions are present in 
the contacts used, which eliminates the need for pattern 
correction (OPC) . 
[0043] 

One practically implementable flow of some major 
process steps in the manufacture of a device structure 
employing the connect regions SSI, SS2 each for connection 
between gate electrode and a diffusion layer associated 
therewith via silicide is shown in (a) through (f) of Fig. 
15. 

[0044] 

Fabricate a gate electrode FG made of a chosen 
polycrystalline silicon material (see (a) in Fig. 15). 
[0045] 

Form side spacers made of silicon nitride (SiN) by 
chemical vapor deposition (CVD) techniques, on side-walls 
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of the resultant gate electrode FG ((b) in Fig. 15). 
[0046] 

Etch away only one of the SiN side spacers which resides 
on an active region side under a prespecif ied condition that 
enables etching treatment of a silicon nitride film and oxide 
film at increased selectivity ( (c) in Fig. 15) . 
[0047] 

Fabricate a heavily doped P (P+) type diffusion layer 
P+ ( (d) in Fig. 15) . 
[0048] 

After having removed through etching certain part of 
the oxide film SiO that lies in the active region that is 
not covered by any overlying gate electrode FG, deposit a 
high-melting-point metal such as refractory metal including, 
but not limited to, cobalt (Co) ; then, anneal the resultant 
structure to thereby selectively form silicide on the 
poly-silicon gate electrode and diffusion layer ((e) in Fig. 
15). At this time the gate electrode's side-wall and 
diffusion layer are connected together by such silicide. 
[0049] 

<Embodiment 7> 

Figs. 16 and 17 show an SRAM cell layout MC6 in 
accordance with Embodiment 7. An explanation of those 
symbols used in Figs. 16-17 is the same as that given in Fig. 
14 . Memory cell MC6 of Embodiment 7 is similar to the memory 
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cell MC5 of Embodiment 6 with the contacts (SC5, SC6) being 
replaced with contacts (SC7, SC8) in the first layer of metal 
lead layers (Mil, M12). 
[0050] 

With Embodiment 7, all of the contacts used therein 
are capable of being designed to have a square planar shape, 
thus avoiding the need for pattern correction (OPC) . 
[0051] 

<Embodiment 8> 

Figs. 18 and 19 show an SRAM cell layout MC7 in 
accordance with Embodiment 8. An explanation of those 
symbols used in Figs. 18-19 is given in Fig. 20. Memory cell 
MC7 of Embodiment 8 is similar to the memory cell MC of 
Embodiment 1 with the contacts (SCI, SC2) being replaced with 
local interconnect nodes (LI1, LI2) and also with the word 
lines being modified in such a manner that these are formed 
in the first layer of metal lead layer rather than in the 
second layer of metal lead layer while also modifying the 
bit lines and power supply and ground lines from the third 
layer of metal lead layer to the second layer of metal lead 
layer. Fig. 21 depicts a sectional view taken along line 
A-B of Figs. 18-19. 
[0052] 

Embodiment 1 suffers from limitations as to an 
inability to dispose the first layer of metal leads over the 
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contacts SCI, SC2 due to the fact that these contacts SCI, 
SC2 are formed of the same layer as the remaining contacts 
used. In contrast, Embodiment 8 is specifically arranged 
to employ the local interconnect nodes LI1, LI2 formed in 
a separate layer from the contacts, thus making it possible 
to dispose the first layer of metal lead layer at upper part, 
which in turn makes it possible to reduce by one the requisite 
number of metal lead layers when compared to Embodiment 1. 
[0053] 

<Embodiment 9> 

A process flow of major steps in the manufacture of 
a three-layer contact section of Embodiment 9 is shown in 
Fig. 22. This embodiment 9 is an example of the process for 
fabrication of the three-layer contact section as used in 
Embodiments 1, 3-5 and 8. 
[0054] 

Modern LSIs in recent years are typically designed so 
that micropatterning is done to form contact holes by 
high-selectivity etching techniques with a silicon nitride 
film or else used as a stopper to ensure that any unwanted 
overetching occurs at filed oxide films even when contacts 
are offset in position from diffusion layers and/or gate 
electrodes due to the presence of possible alignment errors 
during photolithographical patterning processes. In cases 
gate electrodes are formed to have reduced electrical 
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resistivities by use of the so-called salicide processes, 
it is possible to obtain the intended electrical conduction 
between a contact lying over a gate electrode and a contact 
overlying a diffusion layer even when the both contacts are 
fabricated at a time because of the fact that the contact 
holes required are fabricated after completion of a 
procedure having the steps of forming silicide through 
exposure of selected port ions overlying diffusion layers and 
gate electrodes after having formed such diffusion layers, 
depositing thereover a silicon nitride film for use as an 
etching stopper, and then further depositing thereover an 
interlayer dielectric film. On the contrary, in the case 
of either traditionally widely employed polycide gate 
electrodes or polymetal gate electrodes that have been 
developed and announced recently, residual portions of an 
insulative film such as oxide film can overlie gate 
electrodes thereby preventing exposure of these gate 
electrodes prior to deposition of a silicon nitride film 
acting as the etch stopper; accordingly, whenever an attempt 
is made to form the intended contacts through deposition of 
a silicon nitride film thereover, the oxide film behaves to 
partly reside at the bottom of a respective one of those 
contacts overlying the gate electrodes, which makes it 
impossible or at least greatly difficult to provide 
electrical conduction required. Embodiment 9 is for enabling 
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achievement of electrical conduction of such contacts 
overlying gate electrodes by previous removal of any silicon 
nitride film portions overlying gate electrodes at specified 
part whereat contact holes will be defined. 
[0055] 

An explanation will now be given of the process flow 
in the manufacture of Embodiment 9 with reference to Fig. 
22 below. 
[0056] 

After having fabricated a gate electrode and a 
diffusion layer p+, deposit a silicon nitride film SiN for 
use as an etch stopper ( (a) in Fig. 22) . The gate electrode 
is a lamination of polycrystalline silicon PolySi and 
tungsten W, with an oxide film SiO being further multilayered 
thereon as a protective film. 
[0057] 

Remove by dry etching techniques specified part of the 
silicon nitride film at locations for definition of a contact 
hole overlying the gate electrode ((b) in Fig. 22). 
[0058] 

Deposit a TEOS film and others by plasma CVD methods 
to thereby form an interlayer dielectric film ( (c) in Fig. 
22) . 
[0059] 

Let a selected portion of the oxide film at a contact 
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opening portion be etched away by high selective dry etching 
techniques ( (d) in Fig. 22) . Owing to such high selective 
etching, the silicon nitride film remains free from etch 
treatment and thus acts as a stopper. Since there is no 
stopper at the portion overlying the gate electrode from 
which the silicon nitride film has been removed away in 
advance, such portion will be fully etched to the upper part 
of the gate electrode. This permits electrical conduction 
also on the gate electrode. 
[0060] 

Remove the silicon nitride film by dry etching 
techniques ((e) in Fig. 22). 
[0061] 

Deposit a chosen metal such as tungsten in the 
resulting contact hole, thereby forming a buried plug ( (f ) 
in Fig. 22) . 
[0062] 

<Embodiment 10> 

Turning to Fig. 23, there is shown a process flow in the 
manufacture of the three-layer contact section of Embodiment 
10. Embodiment 10 is one example of the process for forming 
the three-layer contact section of Embodiments 1, 3-5 and 
8. 

[0063] 

A difference of the process flow of Embodiment 10 from 
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that of Embodiment 9 is that more than one portion of the 
oxide film at a specified location whereat a contact hole 
is to be opened over the gate electrode has been removed in 
advance prior to deposition of a silicon nitride film for 
use as the etch stopper. 
[0064] 

The fabrication process flow of Embodiment 10 will be 
explained with reference to Fig. 23 below. 
[0065] 

Fabricate a gate electrode and a diffusion layer P+ 
((a) in Fig. 23). The gate electrode is a lamination of 
polycrystalline silicon PolySi and tungsten W, with an oxide 
film SiO further stacked thereon as a protective film. 
[0066] 

Remove by dry etching techniques a specified part of 
the silicon nitride film at the location for definition of 
a contact hole overlying the gate electrode, thus letting 
the gate electrode be exposed at its upper part ( (b) in Fig. 
23) . 
[0067] 

Deposit a silicon nitride film SiN as an etch stopper 
( (c) in Fig. 23) . 
[0068] 

Deposit a TEOS film or else by plasma CVD methods to 
thereby form an interlayer dielectric film ( (d) in Fig. 23) . 
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[0069] 

Let a portion of the oxide film at contact opening 
portion be etched away by high selective dry etching 
techniques ((e) in Fig. 23). Due to such high selective 
etching, the silicon nitride film remains free from etching 
treatment and thus acts as the stopper. 
[0070] 

Remove the silicon nitride film by dry etching 
techniques ( (f ) in Fig. 23) . A certain portion from which 
the oxide film overlying the gate electrode has been removed 
prior to deposition of the silicon nitride film is thus 
exposed at this time, which permits electrical conduction 
also on the gate electrode. 
[0071] 

Deposit a chosen metal such as tungsten in the 
resultant contact hole, thereby forming a buried plug ( (g) 
in Fig. 23) . 
[0072] 

[Effect of the Invention] 

In accordance with the Embodiments stated above, any 
diffusion layers used therein are specifically designed to 
have a simplified planar shape excluding unnecessarily 
complicated shapes, which may in turn facilitate 
micro-patterning processes . 
[Brief Description of the Drawings] 
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Fig. 1 is a diagram showing an SRAM cell in accordance 
with Embodiment 1 of the present invention, for explanation 
of a layout pattern of those contacts for connection between 
MOS transistors and those for connecting between MOS 
transistors and metal lead layers. 

Fig. 2 is a diagram showing a layout of via holes of 
SRAM cells for connection between multilayered metal leads 
in accordance with Embodiment 1 of this invention. 

Fig. 3 is a diagram explaining symbols used in 
Embodiments 1, 2, 3, and 4. 

Fig. 4 is a diagram showing a layout of memory cells 
and their associated peripheral circuitry in accordance with 
Embodiment 2 of the invention. 

Fig. 5 is a diagram showing an SRAM cell in accordance 
with Embodiment 3 of the invention, for explanation of a 
layout of those contacts for connection between MOS 
transistors and those for connection between MOS transistor 
and metal lead layers. 

Fig. 6 is a diagram showing a layout of via holes of 
SRAM cells for connection between multilayered metal leads 
in accordance with Embodiment 3 of the invention. 

Fig. 7 is a diagram showing an SRAM cell in accordance 
with Embodiment 4 of the invention, for explanation of a 
layout of those contacts for connection between MOS 
transistors and those for connection between MOS transistors 
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and metal lead layers. 

Fig. 8 is a diagram showing a layout of via holes of 
SRAM cells for connection between multilayered metal leads 
in accordance with Embodiment 4 of the invention. 

Fig. 9 is a diagram showing an SRAM cell in accordance 
with Embodiment 5 of the invention, for explanation of a 
layout of those contacts for connection between MOS 
transistors and those for connection between MOS transistors 
and metal lead layers. 

Fig. 10 is a diagram showing a layout of via holes of 
SRAM cells for connection between multilayered metal leads 
in accordance with Embodiment 5 of the invention. 

Fig. 11 is a diagram explaining symbols used in 
Embodiment 5. 

Fig. 12 is a diagram showing an SRAM cell in accordance 
with Embodiment 6 of the invention, for explanation of a 
layout of those contacts for connection between MOS 
transistors and those for connection between MOS transistors 
and metal lead layers. 

Fig. 13 is a diagram showing a layout of via holes of 
SRAM cells for connection between multilayered metal leads 
in accordance with Embodiment 6 of the invention. 

Fig. 14 is a diagram explaining symbols used in 
Embodiment 6 . 

Fig. 15 is composed of diagrams illustrating in 
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cross-section some of major process steps in the manufacture 
of the semiconductor device in accordance with Embodiment 
6 of the invention. 

Fig. 16 is a diagram showing an SRAM cell in accordance 
with Embodiment 7 of the invention, for explanation of a 
layout of those contacts for connection between MOS 
transistors and those for connection between MOS transistors 
and metal lead layers. 

Fig. 17 is a diagram showing a layout of via holes of 
SRAM cells for use in connecting between multilayered metal 
leads in accordance with Embodiment 7 of the invention. 

Fig. 18 is a diagram showing an SRAM cell in accordance 
with Embodiment 8 of the invention, for explanation of a 
layout of those contacts for connection between MOS 
transistors and those for connection between MOS transistors 
and metal lead layers. 

Fig. 19 is a diagram showing a layout of via holes of 
SRAM cells for connection between multilayered metal leads 
in accordance with Embodiment 8 of the invent ion. 

Fig. 20 is a diagram explaining symbols used in 
Embodiment 8 . 

Fig. 21 is a sectional view of a semiconductor device 
in accordance with Embodiment 8 of the invention. 

Fig. 22 is composed of diagrams illustrating in 
cross-section some of major process steps in the manufacture 
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of a semiconductor device in accordance with Embodiment 9 
of the invention. 

Fig. 23 is composed of diagrams illustrating in 
cross-section some of major process steps in the manufacture 
of a semiconductor device in accordance with Embodiment 10 
of the invention. 

[Explanation of Symbols] 
MC, MC2, MC3, MC4, MC5, MC6, MC7 : SRAM memory cell 
TNI, TN2, TN3, TN4 : N-channel MOS transistor 
TP1, TP2: P-channel MOS transistor 
PW1, PW2: P-well region 
NW1, NW2: N-well region 

FG1, FG2 , FG3, FG4 , FG5 , FG6, FG7 , FG8 , polycrystalline 
silicon lead layer 

LN1, LN2, LN3, LN4, LP1, LP2 : diffusion layer 

SCI, SC2 , SC3, SC4 , SC5, SC6, SC7, SC8 : contact 

INV1, INV2: inverter 

WD, WD1: word line 

BL1, BL2, BL3, BL4 : bit line 

Vss, Vssl, Vss2, Vss3, Vss4, Vss5, Vss6: ground potential 
line 

Vcc, Vccl, Vcc2: supply voltage line 

Vbp: a lead for supplying a voltage to the N-well region 
Vbn: a lead for supplying a voltage to the P-well region 
wddrv: word line driver circuit 
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AMP: sense amplifier 

Mil, M12: first layer of metal lead layer 

GB: global bit line 

SGI: field region 

PolySi: polycrystalline silicon 

SiN: silicon nitride 

SiO: silicon oxide film 

SS: silicide layer 

TEOS: plasma CVD TEOS film 

W: tungsten 

Al: aluminum lead layer 

P+: heavily doped P-type diffusion layer 
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[Document's Name] ABSTRACT OF THE DISCLOSURE 
[Abstract] 

[Problem] Prior known static random access memory (SRAM) 
cells are required that a diffusion layer be bent into a 
key-like shape in order to make electrical contact with a 
substrate with a P-type well region formed therein, which 
would result in a decrease in asymmetry leading to occurrence 
of a problem as to the difficulty in micro-patterning. 
[Solving Means] To avoid this problem, the P-type well 
region in which an inverter making up an SRAM cell is formed 
is subdivided into two portions, which are disposed on the 
opposite sides of an N-type well region NW1 and are formed 
so that a diffusion layer forming a transistor has no 
curvature while causing the layout direction to run in a 
direction parallel to well boundary lines and bit lines. At 
intermediate locations of an array, regions for use in 
supplying power to the substrate are formed in parallel to 
word lines in such a manner that one region is provided per 
group of thirty two memory cell rows or sixty four cell rows. 

[Effect] According to the invention, a diffusion layer has 
no complicated shape, thus enabling easy micro-patterning. 

[Selected Drawing] Fig. 1 



